Intramolecular electron transfer in proteins. Radiolysis study of the reductive activation of daunorubicin complexed in egg white apo-riboflavin binding protein.
Daunorubicin, an anthracycline antitumor antibiotic, can be complexed in egg white apo-riboflavin binding protein. The reduction of this complex was studied by gamma-radiolysis and pulse radiolysis using COO.- free radicals as reductants. The final products are 7-deoxydaunomycinone intercalated in the protein and thiol groups coming from the reduction of disulfide bonds of the protein, in the respective proportions of 90% and 10%. One-electron reduction of the complex gives daunorubicin semiquinone radical and a disulfide anion. The rate constants of the reactions of COO.- ions with the complex and with the disulfide bond in the protein alone are respectively equal to 2.4 x 10(8) mol-1.L.s-1 and 6.4 x 10(7) mol-1.L.s-1. Daunorubicin semiquinone decays by a first-order process, the rate constant of which is independent of the initial protein and radical concentrations. Without protein, daunorubicin semiquinone undergoes a disproportionation-comproportionation equilibrium [Houée-Levin, C., Gardès-Albert, M., Ferradini, C., Faraggi, M., & Klapper, M. (1985) FEBS Lett. 179, 46-50]. We propose that a protein residue reduces semiquinone by an intramolecular path. This creates an electron hole in the protein which may alter its function. This reduction process is very different from the reduction mechanism of riboflavin binding protein by the same reductant [Faraggi, M., Steiner, J.P., & Klapper, M.H. (1985) Biochemistry 24, 3273-3279]. These results suggest a new deleterious pathway to explain the antitumor and/or cytotoxic effect of this drug.